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Abstract 
This paper presents two strategies applied in our study, one involved blending CO2-phillic materials such as PEG 
and PEG-PDMS copolymer with commodity polymer Matrimid® to improve separation performance, another 
involved development of composite hollow fibre membranes of high CO2 permeance.   
Blending of PEG and PEG-PDMS copolymer in Matrimid® resulted in hollow fibre membranes with improved 
gas separation performance. The modification of the membrane microscopic structure also led to improvements in 
plasticization resistance and tolerance of water content that are important for industrial applications.   
Composite hollow fibre membranes of high permeance of 550 GPU and selectivity of 45 were developed by 
using micro-porous PVDF substrate, with multiple coatings PTMSP gutter layers and Pebax®1074 selective layers.  
Initial tests with mixed gas and short term aging were encouraging while the tests for the tolerance of water and 
minor components and tests with real flue gas are ongoing.   
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1. Introduction 
With the unique advantages of being environmentally benign, lower maintenance and smaller footprint, a 
polymeric membrane gas separation process is an attractive technology for CO2 capture from natural gas and post-
combustion flue gas compared to the conventional technologies such as amine absorption. In order for this 
technology to be more economically competitive, high performance membranes with high permeability and 
selectivity need to be produced at scale [1].   
 
Earlier researchers have developed membranes with much higher CO2 permeability than those traditionally used 
for gas separation by using polymer materials containing PEO group, particularly PEO containing block copolymer 
[2-5]. Much effort has also been made in understanding the influence of selected PEO containing copolymer 
materials in membrane matrix on CO2 transport, which include interactions between CO2 molecules and specific 
groups of copolymer as well as modifications of microscopic architecture of membranes by additives [4, 6-10].  
However, apart from a few examples [1, 11], studies that have evaluated membrane CO2 separation performance 
with industrial implementation considerations which include membrane aging, membrane plasticization, influence 
of water vapour and other minor components in the feed has been very sparse, although those evaluations are 
essential for industrial application. 
 
This paper reports results from our study on the development and evaluation of high performance hollow fibre 
membranes for CO2 capture from flue gas, funded by the Australian National Low Emissions Coal Research and 
Development Ltd (ANLEC R&D).  The main considerations in our evaluation of the membrane performance were 
the four issues shown in Figure 1. 
 
Figure 1 Main concerns for development of membrane for flue gas application. 
 
Development of hollow fibre membranes in this study were conducted through fabrication of integral skinned 
asymmetric hollow fibres by blending glassy polymer Matrimid® with low molecular weight poly (ethylene oxide) 
(known as PEG) and block copolymers containing PEO segments such as polyethylene oxide-polydimethylsiloxane 
(PEO-PDMS) copolymer to achieve higher separation performance.  Sustainable performance of those membranes 
with regard to aging, plasticization resistance and performance with presence of water vapour was evaluated.  
 
At the same time, composite hollow fibre membranes with high permeation rate and good selectivity by using 
commercially available PEO-containing block copolymers poly(ethylene oxide)-Poly(amide) (PEBAX®) as 
selective layers were developed to deal with large volume of flue gas and low driving force.  Significantly higher 
separation performance with CO2 permeance over 500 GPU, selectivity over 40 was achieved with selective layer 
thickness of less than 1 micrometre.  The performance of those membranes with real flue gas is currently being 
tested. 
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2. Material and method 
Polymers 
Matrimid® is a commodity polymer commonly used for gas separation membranes. Low molecular weight PEG 
400 and a commercially available PEO-PDMS co-polymer (under the trademark of Silwet by Momentive) were 
used as additive to blend with Matrimid® for improvement of the CO2 permeability and sustainable performance. 
The chemical structures of the main polymers used in this study are shown in Figure 2. 
 
Pebax® MH1657 and MV 1074 grade polymer pellets (purchased from Arkema Australia) were used for 
preparation of polymer solution for composite hollow fibre membranes. Both grades contained the same soft phase 
PEO and linear aliphatic polyamide hard phase with different amount of methylene bridges.  The general chemical 
structure of Pebax® 
repeated units of PA), while Pebax® 1074 contains 55 wt% PEO and 45 wt% polyamide12 (12 repeated units of 
PA).   
(a) Matrimid£) (b) PEG  
(c) Silwet L-7607 (d) Pebax£  
Figure 2 Chemical structures of polymers used in this study. (a) Matrimid£. (b) PEG, (c) Silwet L-7607. (d) Pebax£1657 
and1074 block copolymer. The terms of ‘m’ and ‘n’ in (d) represent the chain length of soft and hard phase 
respectively, while ‘l’ indicates the total backbone length of block copolymer. 
 
N-Methyl-2-pyrrolidone (NMP) and Tetrahydrofuran (THF) (all purchased from Scharlau) were used as solvent 
for Matrimid® hollow fibre fabrication.  Solvents used for dissolving Pebax® pellets included 99.8 % 1-propanol, 95 % 
ethanol (ProLabo VWR International) and Millipore water.  Poly(1-trimethylsilyl-1-propyne) (PTMSP) was 
purchased from Gelest, USA while polydimethylsiloxane (PDMS) was purchased from Dow Australia. 
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Membrane fabrication  
Hollow fibre membranes using Matrimid with 0 to 12 % additive loadings of PEG and PEG-PDMS copolymer 
were fabricated in-house with dry-jet wet spinning technique.  The additive materials were first blended with solvent 
NMP before Matrimid® was added [12]. The composite hollow fibres were fabricated by using PES and PVDF 
micro-porous hollow fibres as substrates, followed by coating with a gutter layer (PDMS or PTMSP solutions) then 
selective layer using Pebax® MH
 
1657 and MV 1074 block copolymers and protective layer at selected conditions.   
Gas permeation tests  
Gas permeation tests were conducted at constant pressure mode at temperature controlled environment.  The feed 
gases including single and mixed-gas were fed from gas cylinders at selected pressure.  Permeate flow rate was 
measured by using of a bubble flow meter, while the gas mixture composition was measured with a gas 
chromatograph (Shimadzu GC-2014).  The ideal selectivity of a membrane for a given gas pair was calculated as the 
ratio of the permeance of fast gas to slow gas.  The mixed-gas permeance was estimated with partial pressure 
differences.   
 
All gases (N2, O2, He, CO2, and gas mixture of 22.54 % CO2 and 77.46 % N2) were purchased from Coregas and 
used without further purification.  The tests with feed containing water vapour was conducted by passing gas from 
cylinder through a humidifier at selected temperature before entering gas permeation rig.   
3. Results 
Separation performance of blended Matrimid® hollow fibres  
Separation improvements of Matrimid® hollow fibres blended with both PEG and PEG-PDMS additives were 
observed in CO2 permeance and/or CO2/N2 selectivity.  The optimal additive loading could be identified to achieve 
improvements on CO2 permeance or CO2/N2 selectivity.  Figure 3 presents the CO2 permeance and CO2/N2 
selectivity results obtained with both pure and mixed CO2/N2 gases using membranes made with Matrimid
® and 
Matrimid® blended with PEG-PDMS copolymer (Silwet L-7607).   
 
Improved plasticization resistances were also observed with both PEG and PEG-PDMS blended hollow fibres, 
evaluated with observation of CO2 permeance at a high pressure of 20 bars over more than 3 hours.  Reduced CO2 
permeance increase over time, particularly those with Matrimid blended with 8 % Silwet (as shown in Figure 4) 
with stable CO2 permeance over time, demonstrated increased plasticization resistance of those membranes.   
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Figure 3 Gas separation performance of hollow fibre membranes made with Matrimd® blended with PEG-PDMS copolymer 
(Silwet L-7607) at different additive loading tested with pure and mixed CO2/N2 gases. 
 
The blended hollow fibre membranes also performed better with wet feed (feed containing water vapour of 
selected activity of 0.38) compared with pristine Matrimid® membranes.  As expected, both the CO2 permeance and 
CO2/N2 selectivity was reduced with wet feed because of the competitive sorption of water molecules with CO2 and 
the tendency of cluster of sorbed water molecules in membranes.  The water cluster in membrane matrix could 
increase gas transport resistance as well as causing H2O-induced plasticization.   
 
However, as shown in Table 1, both the CO2 permeance and CO2/N2 selectivity reduction with wet feed observed 
with Matrimid® blended hollow fibres at selected additive loadings were much less compared to the pristine 
Matrimid® fibres with higher ratios of wet feed to dry feed.   
 
 
Figure 4 Changes of CO2 permeance over time used to demonstrate membrane plasticization resistance at 20 bars for pure 
Matrimid®, Matrimid® with 8 wt% PEG and Matrimid® with 8 wt% PEG-PDMS membranes.   
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Table 1: Comparison of CO2 separation performance with wet feed and dry feed for Matrimid® hollow fibres with and without 
additive 
Polymers in hollow fibre CO2 permeance ratio  
(wet feed/dry feed) 
CO2/N2 selectivity ratio (wet feed/dry 
feed) 
Matrimid® 0.34 0.44 
Matrimid® +12 % PEG 0.71 0.73 
Matrimid® + 12 % PEG-PDMS 0.56 0.90 
 
Composite hollow fibre membranes using Pebax® as selective layer 
The separation performance of the PEO-PA block copolymer Pebax® membranes were extensively evaluated in 
this study prior their application as selective layer in composite hollow fibre membranes.  Detailed study on the 
influence of content of PEO content, the length of glassy hard phase chain length, the membrane fabrication 
condition as well  blend loadings of PEO-PDMS copolymers with Pebax® on the architecture of the micro-phase 
demain on CO2 separation performance will be published in separate journal articles [13].  
 
Composite hollow fibre membranes were fabricated by using PES and PVDF ultrafiltration hollow fibres as 
substrates, two types of Pebax® grade MH 1074 and MV 1657 as selective layers, while PDMS and PTMSP were 
used as gutter layer and protective layer materials.  Figure 5 presents  SEM cross-sections of hollow fibres and the 
distinctive selective layer.  The gas permeation performance tested with pure CO2 and N2 gas at 25 °C are presented 
in Table 2.  
 
The best results were achieved with PVDF as substrate coated with Pebax®1074, much higher CO2 permance of 
(970 GPU) and slightly lower CO2/N2 selelctivety (33) was achieved at higher temperature of 35 °C.   
     
Figure 5 Composite hollow fibres made with PVDF substrate and Pebax® selective layer 
Table 2 Composite hollow fibre properties and CO2 separation results at 25 °C. 
Substrate (Microporous 
HF) 
Gutter layer Selective layer CO2 Permeance 
(GPU) 
CO2/N2  
PES  2x PDMS  Pebax® 1657 5.9 6.3 
PES  4x PDMS Pebax® 1657 13.4 4.7 
PVDF 2x PDMS Pebax® 1657 55.4 40 
Selective layer 
< 1 Pm 
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PVDF 4x PDMS Pebax® 1657 75.6 66 
PVDF 2x PTMSP Pebax® 1657 125.0 67 
PVDF 4x PTMSP Pebax® 1657 110.8 92 
PVDF 4x PDMS Pebax® 1074 174.0 47 
PVDF 2x PTMSP Pebax® 1074 354.3 49 
PVDF 4x PTMSP Pebax® 1074 551.1 46 
 
 
 
Figure 6 The comparison of CO2 permeance of the composite hollow fibre membranes tested with pure and mixed gas at 35 °C.  
The dotted lines were the pure gas results while the solid lines were the mixed gas results. 
 
The CO2 permeance and CO2/N2 selectivity obtained with mixed gas were slightly lower than that with pure gas 
tests as shown in Figure 6 for the observed permeance.  The repeated tests after 15 days were also very close to the 
initial results, suggesting little initial aging of those membranes.  The tests on sustainable performance against 
aging, tolerence of water and NOx in the lab and the separation of those membranes using real flue gas is currently 
being undertaken.   
Conclusions 
Development of membranes that can be quickly applied in pilot testing can be made possible by blending CO2-
phillic materials such as PEG and PEG-PDMS copolymer with commodity polymer Matrimid® to improve 
separation performance and by fabrication of composite hollow fibre membranes of high CO2 permeance using 
commercial polymers.   
 
We have demonstrated in this study that blending of PEG and PEG-PDMS copolymer in Matrimid® resulted in 
hollow fibre membranes with improved gas separation performance. Modification of the membrane microscopic 
structure also led to improvements in plasticization resistance and tolerance of water content, which are considered 
to be important for industrial applications.   
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Composite hollow fibre membranes of high permeance and good selectivity were fabricated using a micro-porous 
PVDF substrate, with multiple coatings of PTMSP gutter layers and Pebax®1074 selective layers.  Initial tests with 
mixed gas and short term aging were encouraging.   
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